INTRODUCTION
The lubrication of the piston ring/cylinder contacts in the Stirling engine is a challenging, high temperature tribological problem. Metal temperatures as high as 600 to 1000 °C are anticipated near the top dead center area of the cylinder walls. The working gas in the thermodynamic cycle under consideration is either helium or hydrogen. The lubricant coating therefore, must not only provide low friction and wear, but must also be thermochemically stable at high temperatures, especially in the strongly reducing hydrogen atmosphere.
In current designs of the Stirling engine, the piston rings are made of reinforced po1ytetraf1uoroethylene (PTFE). They are located in ring grooves near the bottom of the piston where the temperatures are relatively low and do not degrade the PTFE. This arrangement results in a long annular gap from the top of the piston to the top of the piston ring. This gap is known as the "appendix gap" and it is the source of parasitic energy losses that are caused by: 1) shuttling heat from the hot end of the cylinder to the cold end by the motion of the piston; and 2) pumping losses associated with repeated compression and expansion of the gas in the appendix gap.l It would therefore be advantageous to minimize the volume of the appendix gap by locating the piston ring in a groove near the top of the piston. Thus, an objective of this program was to provide a piston ring/cylinder coating combination that would be self lubricating in hot hydrogen. A speciallydesigned piston using a "hot ring" is shown in Fig. 1 The units then simplify to:
Wear factors typically vary from 10-7 to 10-11 cm 2 /kg, with 10-7 indicating unacceptably high wear for any application (usually accompanied by -10 galling with severe surface damage), and 10 or lower indicating the wear rates needed for long life sliding components. Intermediate rates mayor may not be acceptable depending upon the requirements of the specific application.
MATERIALS Pin and Substrate (disk) Materials
The pin materials chosen were considered as candidate piston ring materials for the Stirling engine. They are two ferrous alloys, Nitron1c-60 and XF8l8; a precipitation hardenable nickel base super alloy, Inconel X-7S0;
and a hardenable cobalt alloy, Stellite 6B. All alloy nominal compositions are given on Table I .
The coatings tested in helium and hydrogen were applied to disks of XF8l8, which is the alloy for the Stirling engine cast cylinder block. The coatings tested in alr to 900 °c were applied to Inconel X-750 because of its superior oxidation resistance.
Coatings
The The purpose was to discover a piston ring/cylinder coating materials combination that would enable the use of "hot piston rings" in the Stirling engine. Therefore, a number of candidate piston ring materials were evaluated in sliding contact with the experimental coating.
Experiments were also performed in air to 900 DC to accomplish a more generic objective of comparing tribological behavior in an oxidizing atmosphere with performance in inert and reducing atmospheres.
Some of the more significant results of this program are the following: 
